Protocluster Survey at z = 2.23: from Herschel to ALMA by Kato, Y. et al.
REVOLUTION IN ASTRONOMY WITH ALMA: THE THIRD YEAR
ASP Conference Series, Vol. 499
Daisuke Iono, Ken’ichi Tatematsu, Al Wootten, Leonardo Testi, eds.
c©2015 Astronomical Society of the Pacific
Protocluster Survey at z = 2.23: from Herschel to ALMA
Y. Kato,1 Y. Matsuda,2 Ian Smail,3 M. Swinbank,3 D. Alexander,3 J. Geach,4
B. Lehmer,5 Y. Tamura,6 H. Umehata,6 K. Kohno,6 M. Kubo, 7 T. Yamada,8 T.
Hayashino,9 D. Erb,10 and C. Steidel11
1Chile Observatory, National Astronomical Observatory of Japan, Tokyo,
Japan; kato.yu@nao.ac.jp
2The Graduate University for Advanced Studies (SOKENDAI), Tokyo, Japan
3Centre for Extragalactic Astronomy, Department of Physics, Durham
University, Durham, UK
4Centre for Astrophysics Research, Science & Technology Research Institute,
University of Hertfordshire, Hatfield, UK
5The Johns Hopkins University, Homewood Campus, Baltimore, USA
6Institute of Astronomy, University of Tokyo, Tokyo, Japan
7Institute for Cosmic Ray Research, The University of Tokyo, Chiba, Japan
8Astronomical Institute, Tohoku University, Miyagi, Japan
9Research Center for Neutrino Science, Tohoku University, Miyagi, Japan
10Department of Physics, University of Wisconsin Milwaukee, Milwaukee, USA
11California Institute of Technology, Pasadena, USA
Abstract. We present results of Herschel/SPIRE observation in 2QZ cluster at z =
2.23. 2QZ cluster is discovered as an overdensity of QSOs and Hα emitters (HAEs),
which was originally identified as a concentration of 5 QSOs in the 2dF Quasar Redshift
survey. We find an overdensity of SPIRE color selected far-infrared bright galaxies (3.9
σ compared with COSMOS field) ∼5′ west of the HAEs density peak of in a radius of
6 co-Mpc. This suggests 2QZ cluster is experiencing enhanced dusty star-formation.
However, SPIRE color selection with S 500/S 350 vs S 350/S 250 has a redshift uncertainty,
we need spectroscopic observation with ALMA to confirm the precise redshifts.
1. Introduction, Observation, and Analysis
Since z < 1.5 cluster cores are experiencing quench star-formation (Brodwin et al.
2013), the key star-formation phase with dusty starburst (Casey et al. 2014) appears
to have occurred at z > 2. Because QSOs tend to be the most massive galaxies at any
epoch of the universe and located in centers of largest-scale structures, a very good
target is 2QZ cluster, which contains 4 QSOs and overdensity of 22 HAEs including 3
HAEs-AGNs in 400 co-Mpc2 at z = 2.23 (Matsuda et al. 2011, Lehmer et al. 2013).
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Our observations were performed as part of the second Open Time Herschel pro-
grams (PI: Y. Matsuda). The coverage of the maps are 20′ ×20′ and an integration time
is 1.8 hours. The typical instrumental noise is ∼ 3.0 mJy in each SPIRE bands.
We detect sources in the 250 µm image within regions with relative coverage
greater than 30 %, and then conduct 350 µm and 500 µm photometry. We create source
catalogue which at least one SPIRE band flux is above 12 mJy. The number counts of
250, 350 and 500 µm are almost consistent with Béthermin et al. (2012) and slightly
excess is found at 500 µm wavelength. We apply S 500/S 250 vs S 500/S 350 color selec-
tion which is consistent with grey body SED (Td = 30 − 40 K, β=1.5) at z = 2.23. We
include a photometric color error of ± 20 %. We calculate the LFIR by fitting the flux of
the 3 SPIRE bands, and investigate the sky distribution with LFIR > 5.0 × 10
12 L.
2. Results and Discussion
Figure 1. Sky distributions of galaxies in
2QZ cluster. We find 3.9 σ overdensity of
6 SPIRE sources, suggests that 2QZ cluster
could be experiencing both enhanced dusty
star-formation and AGNs activities.
We find 3.0 times overdensity of 6
selected bright SPIRE sources ∼5′
west of the HAEs density peak in
a radius of 6 co-Mpc. This ra-
dius is typical scale of far-infrared
overdensities (Rigby et al. 2014).
We note one of them shows the
LFIR > 10
13 L. These results
suggest 2QZ cluster could be ex-
periencing both enhanced dusty
star-formation and AGNs activi-
ties. However, SPIRE color se-
lection has a redshift uncertainty.
Although we cut ∼90 % sources
with color selection and luminos-
ity limit, we need spectroscopic
observation with ALMA to test the
enhanced dusty star-formation ac-
tivity with precise redshift.
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